ABSTRACT Two corn hybrids (Pioneer 3377 and 3389) with similar total plant and grain yield characteristics were evaluated to determine potential differences in nutritive value of the whole plant and stover. Hybrids were grown in plots at four different locations in Idaho in 1988 and 1989 for laboratory evaluation. Samples from the plots were stored fresh or ensiled with or without a microbial inoculant for 60 d in laboratory silos. Whole-plant samples of 3377 had a lower ( P < .01) percentage of NDF (42.7 vs 48.11, ADF (26.3 vs 30), hemicellulose (16.2 vs 18.21, cellulose (21.4 vs 241, and lignin (3.4 vs 3.8). Similar differences, but of larger magnitude, were observed in stover samples. Ruminal in situ ( 2 4 h ) and two-stage IVDMD of whole-plant and stover samples were greater ( P < .01) for 3377 than for 3389. Lower fiber content and greater degradability for 3377 was not due to greater grain content; 3377 actually had numerically lower grain as a percentage of whole plant than 3389 (41 vs 44). Ensiling reduced ( P < .05) NDF, hemicellulose, and cellulose content compared with fresh samples; however, no effect ( P > . l o ) due to inoculant was noted. Hybrid x storage interactions were not observed ( P > .lo). Inoculation and hybrid did not affect ( P > .lo) organic acid concentration of the silages. In 1989 silages from 3377 and 3389 were harvested to evaluate diets containing 65% (DM basis) corn silage in steer digestion and growth trials. Digestible energy and digestibility of DM and CP were greater ( P < .05), and the trend ( P > .05) was for greater NDF and ADF digestibility for the 3377 than for the 3389 diet. In a growth trial, steers fed the 3377 silage diet had greater ( P < .05) daily gain (1.09 vs 1.01 kgid), consumed numerically less ( P = .09) DM, and had improved ( P < .01) feed efficiency (6.75 vs 7.49 feed:gain) compared with steers fed the 3389 silage diet. Results of the experiments indicate that large differences in feed value of corn silage may exist among hybrids with similar grain content.
Introduction
Corn hybrids have generally been selected on the basis of grain yield and disease resistance. Corn that is to be harvested for silage is usually selected from existing grain hybrids that have high total DM yield per unit of land. Recent evidence, however, suggests that improved nutritive value of corn silage could be achieved through selection for high total plant digestibility  lUniv. of Idaho Agric. Exp. Sta. manuscript number 92A07. 2To whom reprints should be addressed. 3Pioneer Hi-Bred Int., Boise, ID. 4Present address: Land 0 Lakes, 15840 N. Simmons Rd., J. Anim. Sci. 1993 . 71:38-43 Graybill et al., 1991; Hunt et al., 1992) . Further evidence of potential improvements in nutritive value of whole-plant corn is the improved digestibility (Lechtenberg et al., 1974; Block et al., 1982; Stallings et al., 1982) and animal performance (Weller and Phipps, 1986 ) observed with brown midrib compared with regular corn.
Identification of whole-plant characteristics of corn that are related to digestibility and animal performance has been difficult. Although some studies have reported a good relationship between plant fiber content and digestibility (Zimmer et al., 1980; Deinum et al., 1984) , variability in the proportion of grain in the whole plant probably obscures this relationship. For instance, ADF and lignin (percentage of cell wall; Danley and Vetter, 1973) were good predictors of digestibility in wholeplant sorghum but not in corn. Alternatively, high correlations have been reported between in vitro stover degradability characteristics and in vivo digestibility of whole-plant corn Deinum, 1988) . Further research is warranted to allow for accurate determination of corn silage nutritional value.
Fermentation conditions during ensiling are also known to affect nutritive value of silages. Harrison (1989) provided a review on silage additives that suggested that microbial inoculants may improve digestibility of ensiled forage crops. Hunt et al. (1992) reported that fresh samples of Pioneer corn hybrids 3377 and 3389 differed in whole-plant fiber content and in situ ruminal degradability. The objectives of this study were to determine whether these differences 1) exist following ensiling with and without a microbial inoculant and 2) are associated with in vivo digestibility and growth performance in steers fed corn silage-based diets.
Materials and Methods
Laboratory Trial. Two divergent corn hybrids (Pioneer 3377 and 3389) were used to evaluate the effects of hybrid and ensiling on chemical composition and ruminal degradability. Hybrids were planted in 180-m x 60-m plots at four different producer locations in southern Idaho in 1988 and 1989 . When the milk line had progressed halfway down from the top of the kernel, whole plants from .0004 ha were harvested in triplicate from each plot. Ten whole plants from each triplicate were randomly selected and chopped using a garden shredder (Modle KGCH, Kemp Manufacturer, Lancaster, PA). Chopped whole-plant samples were divided into three portions and stored fresh ( F ) , ensiled ( E) , or ensiled with a microbial inoculant ( EI;
Pioneer inoculant 11 74, Pioneer Hi-Bred International, West Des Moines, IA). Ensiled and E1 samples were packed from 93 kg/cm2 into laboratory silos (10.1 cm x 30.5 cm) constructed from PVC pipe. After 60 d of storage, E and E1 samples were removed from the silos and frozen (-5°C) for later analyses. Ten additional whole plants from each triplicate were then randomly selected and the ears (without husk) were removed. Fresh weights of the stover and the ears were recorded. Grain and cob were separated and dried at 55°C for 72 h. The stover (stalk, leaves, and husk) was shredded and a subsample was frozen for later analyses. Calculation of grain, cob, ear, and stover proportion of the whole plant was performed.
Yield of total DM and TDN (Jurgens, 1988) was determined.
Whole-plant and stover samples were dried at 55°C for 72 to 96 h and ground to pass a 2-mm screen in a Wiley mill. Ground samples were analyzed for DM, CP (AOAC, 19901, and fiber constituents (NDF, ADF, and ADL; Goering and Van Soest, 1970) . Hemicellulose was calculated as the difference between NDF and ADF, and cellulose as the difference between ADF and the ADL residue.
Ruminal in situ degradability of the whole-plant and stover samples was determined using three mature, crossbred steers fitted with 10-cm ruminal cannulas. Each steer was assigned to one of three sample replicates obtained from the plots. Subsamples containing approximately 3 g of DM from each sample were weighed in duplicate and enclosed into 10-cm x 20-cm nylon bags (50-pm pore size; Ankom, Spencerport, NY). After the steers had adapted for 14 d to a 5050 combination (DM basis) corn silage: fullbloom grass hay diet, bags were hydrated in cold water for 20 min and inserted into the respective rumens for a 24-h incubation. A 24-h incubation was selected as representative of ruminal exposure when a 4%/h ruminal passage rate occurs. Upon removal from the rumen, bags were washed with cold tap water until the rinse water was clear. Bags were then opened at the top and the residue was washed directly three times with cold tap water. Bags and residue were dried at 55°C for 96 h and the weighed. In situ DM disappearance ( ISDMD) was calculated as the sample weight loss during incubation. Stover and whole-plant samples were also analyzed for in vitro degradability. Determination of IVDMD was by a modification of the Tilley and Terry procedure (Marten and Barnes, 1980) using 15 mL of ruminal fluid and 35 mL of McDougall's buffer solution with .5 g of sample. Incubations were performed in 100-mL polyethylene tubes in a shaking water bath maintained at 39°C. Ruminal fluid was collected from a ruminally cannulated steer fed the previously described diet. Following the acid-pepsin incubation, tubes were centrifuged at 3,000 x g for 15 min and the supernatants were removed by aspiration. Tubes were dried at 55°C for 96 h and the IVDMD was calculated. Neutral detergent fiber was then extracted from the residue (Goering and Van Soest, 1970) to determine in vitro NDF disappearance ( IVNDFD) .
Data were analyzed by ANOVA using GLM procedures (SAS, 1986) . Whole-plant data were analyzed as a split-plot design with sample replicate as the whole plot and storage type (F, E, and EI) in the split plots. Analysis for main effects of storage type and hybrid and for storage type x hybrid interactions were performed. Differences due to storage type were determined by the lsd test (Steel and Torrie, 1980) . Digestion Trial. Six growing beef steers (236 kg initial weight) were used in a crossover design to evaluate total tract digestibility of diets containing corn silage from Pioneer hybrids 3377 and 3389. Diets evaluated were typical of diets fed to growing beef cattle and contained 65% (DM basis) corn silage (Table 1) . Steers were housed in metabolism crates that were designed to collect total feces excreted. Steers were adapted to their assigned diets for 7 d, followed by 5 d of fecal collection. Steers had ad libitum access to feed for the first 5 d of diet adaptation and were subsequently fed at 95% of ad libitum throughout fecal collection. Steers were then switched to the alternate diet and the adaptation and collection procedures were repeated. During each morning of the collection period, the weight of the total daily feces was recorded for each steer and a 10% aliquot was stored at 5°C. Feed offered and feed refusals were weighed daily, sampled, and stored at 5°C. At the completion of each collection period, feed, feed refusals, and feces were composited for each steer and a subsample was dried at 55°C for 72 h. Samples were ground to pass a l-mm screen in a Wiley mill and analyzed for DM, CP (AOAC, 1990), NDF, and ADF (Goering and Van Soest, 1970) for determination of digestibility coefficients. In addition, GE determinations were performed on the samples using an adiabatic bomb calorimeter for determination of DE of the diets. Intake and digestibility data were subjected to ANOVA appropriate for a two-period crossover design (Steel and Torrie, 1980) . Growth Performance Trial. One hundred forty-four growing beef steers (251 kg initial weight) were used in a randomized complete block design experiment with a 2 x 2 factorial arrangement of treatments to evaluate the effects of corn hybrid (Pioneer hybrids 3377 and 3389) and supplemental protein source on growth performance. The two supplemental protein sources evaluated were protein from a natural source (cottonseed meal) and protein from a non-protein N source (urea). The diet containing natural supplemental protein was the same as the diet fed in the digestion trial, and the non-protein N diet included urea as replacement for the cottonseed meal (Table  1) .
Following a 16-h overnight stand without water, steers were weighed and blocked to treatment in four replications according to live weight. Steers were housed in 24 pens with six steers per pen. Mixed rations were offered twice daily at 0800 and 1600. Weight of feed offered was recorded daily and feed refusals were weighed and discarded weekly. Steers were weighed every 28 d following 16 h of withdrawal from water. Performance variables calculated included daily DM intake, ADG, and feed efficiency. The trial lasted 84 d.
Data were analyzed by ANOVA by the GLM procedure appropriate for a randomized complete block experiment (SAS, 1986) . Sources of variation that were tested included replicate, supplemental protein source, corn hybrid, and protein source x corn hybrid.
Results and Discussion
Laboratory Trial. No interactions involving storage and corn hybrid for whole-plant characteristics were observed ( P > .lo). Lack of evidence of interactions was an important finding in that 3377 maintained its superior nutritional quality across the three storage conditions. These results suggest that selection for superior nutritional characteristics of the non-ensiled whole plant would not be confounded by subsequent ensiling and storage conditions. Fresh whole-plant samples had greater ( P < .05) DM, NDF, hemicellulose, cellulose, and insoluble ash than did E and E1 samples (Table 2 ). Lignin and CP were lower ( P < .05) for F than for E and E1 samples. The E1 samples had lower ( P < .05) IVDMD than samples from the other two storage treatments, but no differences were observed among storage treatments for ISDMD and IVNDFD. These results indicate that a small amount of hydrolysis of hemicellulose occurred during ensiling, although relatively minor differences resulted between fresh and ensiled whole-plant corn.
Hybrid 3377 was lower in all fiber components ( P < .01) and insoluble ash ( P < .05) than was 3389 (Table 2 ). These differences were associated with greater ( P < .01) ISDMD, IVDMD, and rVNDFD for 3377 than for 3389. Differences in chemical composition and ruminal fermentability for these two hybrids are consistent with those reported by Hunt et al. (1992) . Similarly, reports involving other corn hybrids have reported equivalent differences in fiber content (Graybill et al., 1991) and in vitro degradability (Johnson et al., 1985) .
Stover samples also were lower ( P < .05) for NDF, ADF, hemicellulose, cellulose, and lignin for 3377 than for 3389 (Table 3) . Insoluble ash followed the same numerical trend ( P > .05) as the fiber constituents. Compared with the whole-plant samples, differences between the hybrids in fiber content seemed to be 'SEM = standard error of the mean; n = 24.
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greater in magnitude. This observation would suggest that use of fiber content as a selection criterion for improved nutritive value would most appropriately be conducted on stover rather than on whole-plant samples. Consistent with fiber differences, 3377 had greater ISDMD ( P < .01) and IVDMD ( P < .05) than did 3389 (Table 3 ). In vitro NDF disappearance tended ( P > .05) to be greater for 3377 than for 3389 stover samples. Results of the whole-plant and stover analyses suggest that 3377 had greater ruminal degradability by virtue of its lower fiber content and, perhaps to a lesser extent, due to a more degradable fiber fraction. In a review of numerous corn hybrid studies, however, Deinum (1988) stated that the stover cell wall degradability was the primary variable associated with digestibility of the whole corn plant. Deinum further concluded that corn hybrids that are lower in fiber content, or higher in ear percentage, are not concomitantly more degradable. In contrast to the chemical composition and degradability data, plant composition data showed no differences ( P > .05) between the 3377 and 3389 hybrids (Table 4 ) . Interestingly, numerical trends showed less grain and total ear proportion and greater stover proportion for 3377 than for 3389. This is in contrast with expected results due to the lower fiber content of the 3377 hybrid. Yield of DM was not different for the two hybrids, whereas yield of calculated TDN was greater for 3377 than for 3389. Greater TDN yield for 3377 was predominantly a function of lower ADF content rather than of greater total DM yield. These data have significant implications for selection of nutritionally improved corn hybrids. Improved nutritional quality of the 3377 was a result of improved stover degradability characteristics rather than any difference in the proportion of grain in the whole plant. This finding does not preclude the importance of grain content for improved corn silage hybrids. Additionally, evaluated 30 corn hybrids and found that stover W M D was actually positively correlated with grain yield.
Evaluation of ensiling characteristics produced few differences due to inoculant or hybrid ( Table 5 ) .
Inoculated whole-plant corn silage had lower ( P < .05) pH values and tended ( P > .05) to have greater lactate concentrations than non-inoculated silages. These findings were similar to those reported by Rust (1989) . In contrast to literature involving inoculation of lactobacillus organisms to ensiled forages (Harrison et al., 19891 , the butyrate concentration was greater ( P < .05) for inoculated than for non-inoculated corn silage samples. The pH values of 3377 silage samples were greater ( P < .05) than those of 3389 samples, whereas no hybrid differences were observed in organic acid concentrations. All responses due to microbial inoculant and hybrid seem to be minor and of little nutritive significance.
Digestion Trial. Results of the digestion trial are presented in Table 6 . Hybrid differences were not observed ( P > .lo) for DM intake. Apparent digestibility of DM and CP was greater ( P < .05) for diets containing corn silage from the 3377 hybrid than for those containing silage from the 3389 hybrid. Digestibility of NDF and ADF followed the same trend ( P > .05); however, large variability (SE = 2.7) precluded detection of statistical differences. Digestible energy as a percentage of GE was also greater ( P < .05) for 3377 silage diets than for 3389 silage diets. These data were consistent with observations of lower fiber .02
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and greater ruminal degradability of 3377 whole-plant and stover samples. Deinum et al. (1984) reported that apparent digestibility in vivo was correlated with crude fiber content; however, the relationship between digestibility and IVDMD was much stronger. Other studies have demonstrated greater correlations between fiber content and in vivo digestibility for wholeplant sorghum than for corn Schmid et al., 1975) . Consistent predictions of wholeplant digestibility based on fiber content may require comparisons at equal stages of maturity. Fiber content was closely related with digestibility when measured between corn hybrids (Hunt et al., 1992) ; however, this relationship was diminished when measured at various plant maturities (Hunt et al., 1989) . This suggests that increased grain content in the whole plant as the plant matures obscures the relationship between fiber content and digestibility.
Growth Performance Trial. No interactions between
corn hybrid and supplemental protein source were observed ( P > .lo); therefore, main effects are presented in Table 7 . A numerical trend ( P = .09) for reduced DM intake was observed for diets containing corn silage from the 3377 hybrid compared with the 3389 hybrid. Daily gain for the individual 28-d periods were not affected by corn hybrid; however, ADG for the entire trial ( 0 to 84 d ) was greater ( P < .05) for 3377 diets than for 3389 diets. Also, numerically lower DIM intake and greater ADG resulted in improved ( P < .01) feed efficiency of diets containing 3377 compared with that of diets containing 3389 silage. No difference ( P > .lo) in growth performance variables due to source of supplemental protein was observed. Improved growth performance for steers fed 3377 silage was consistent with observations of lower fiber and greater in vitro and in situ degradability. Literature reporting differences in animal performance due to corn hybrid are limited. Roth and Klopfenstein ( 198 7) reported greater growth performance when steers were fed corn stalklage from a hybrid selected for improved NDF digestibility. Reports of growth performance responses due to corn hybrid when whole-plant silage was fed are not available. Observations of this study, which consistently indicate improved nutritive quality of the 3377 hybrid compared with the 3389 hybrid, suggest that potential exists for genetic selection for enhanced nutritive value among corn hybrids.
Implications
Significant differences exist among currently available corn hybrids in whole-plant and stover fiber composition and consequently in digestibility characteristics. Differences occurred in fresh as well as ensiled samples. The differences resulted in improved steer growth performance when silage from the more highly digestible corn hybrid was fed. Based on ingredient costs (dollars/kilogram) of .024, .099, .116, and .191 for corn silage, alfalfa hay, barley, and cottonseed meal, feed costs (dollars) per kilogram of gain were .59 and .63 for the two different silage diets. Based on these gain costs and a DM yield of 31.4 t k a , the first silage would be worth $778 more per hectare than the second. Economic benefits could therefore be realized by selection of nutritionally superior corn silage hybrids.
